This is a kinetic assay for measuring K in serum, based on the activation of pyruvate kinase (EC 2.7.1.40) by K. We eliminated interference from Na and NH4 ions, which also activate this enzyme, by including Na-binding and NH4-consuming reagents in the reaction mixture. The assay was developed with and evaluated in the Cobas Fara centrifugal analyzer (and has been used in other kinetic analyzers). Within-mn and between-run CV5 were <1.4% and <1.6%, respectively. The reaction rate per millimole of K per liter (0.05 #{163}4/mm) was more than double that of the reagent blank (0.02 #{163}4/mm). Results correlated well with those by flame photometry, and interference from bilirubin, hemoglobin, lipids, heparin, and other cations was negligible. This method, in conjunction with a previous method we have reported in which /3-galactosidase is used for measuring Na in serum, offers a practical alternative to the use of ionselective electrodes and flame photometry for measunng these clinically important monovalent cations in highthroughput or "stat" biochemical analyzers. Serum electrolytes are among the clinical laboratory tests requested most frequently. Monitoring serum K concentration is particularly important in both routine and emergency situations, and severe deviations from normal may result in cardiac arrest. Although spectrophotometric methods have been developed for most biochemical analytes, spectrophotometric methods for assay of K in an aqueous medium have only recently been reperted (1). Hence, K and Na are invariably measured with flame photometers or ionselective electrodes, thereby increasing the cost and complexity of routine biochemical analyzers.
concentration of Na relative to K, whereas NH be removed by enzymatic conversion to glutamate.
In our assay system, the concentration of Na is decreased by the addition of a binding agent according to the following reaction sequence: Na + cryptand -* Nat.cryptand
NH is consumed as follows:
a-Ketoglutarate 
+ NAD
We found the assay, although developed using a batch analyzer, also suitable for use in random-access analyzers that have a 340-nm detection system.
Materials and Methods

Materials
Instrumentation.
We used a Cobas Fara centrifugal analyzer (Roche Diagnostics Systems, Nutley, NJ) for the enzymatic K assay because of the reliability of the pipetting system. All results were compared with those obtained The stability constants of Kryptofix 221 for hydrogen ions are 10.53 and 7.50, respectively (3).
Samples. Routine laboratory specimens anticoagulated with lithium heparmn (15 USP units/mL) were used unless indicated otherwise.
Standards. The spectrophotometric method was calibrated with potassium chloride standards in concentrations ranging from 1.0 to 8.0 mmolJL, in increments of 1.0 mmoll minimize calibration-introduced bias between methods, we measured standards prepared from NBS potassium chloride in the flame photometer and programmed these values into the centrifugal analyzer.
Reagents
In the assay we used a main reagent containing a PEP substrate, a binding agent to reduce the concentration of available Na, and systems for consuming NH4 and for converting pyruvate to lactate. The reaction for measuring K concentration was initiated by the addition of a start reagent containing pyruvate kinase (Table 1) .
Reagent Preparation
Cation-exchange resin column. Endogenous K was removed from reagents, together with NH4' and Na, to minimize background reaction rates. This was achieved by passing selected reagents through a column containing AG 50W-X4 cation-exchange resin in the H form (cat. no. 142-1351, 200-400 mesh; Bio-Rad Labs, Richmond, CA). Enzyme preparations were passed through the Li rather than the H form of the column to prevent enzyme denaturation. approximately 250 mmol/L. By flame photometry, ascertain that Na has been removed. Purification of glutamate dehydrogenase. Remove NH and K from the GLDH (EC 1.4.1.3) preparation (cat. no. 127710, from beef liver; Boehringer Mannheim Biochemicals) by passing the enzyme through a Bio-Rad AG 50W-X4 cation-exchange column in the Li form, as follows. Pass 5 mL of GLDH through the column bed and discard the first 500 pL of effluent. When all the solution has passed through the column, rinse the column with 2.5 mL of glycerol/water (1/1 by vol). This is followed with a further 2-mL rinse with the glycerol/water, yielding a twofold dilution of the original GLDH preparation, which now contains Li as the predominant cation. GLDH activities before and after passage through the column should be compared, to verify that there is minima! loss of enzyme activity during passage through the column.
Pyruvate kinase. Dissolve 2500 U (assayed at 37 #{176}C) of lyophilized enzyme in 2.5 mL of glycerol/water (1/1 by vol). Dilute this a further 50-fold with glycerol/water (5/95 by vol) for use in the assay.
Kryptoflx K221. Prepare a 600 mmoli'L stock solution by mixing 4.09 mL of water with 1.00 g of Kryptoflx 1(221, and store this in a stoppered container with minimum deadspace.
Assay of plasma NH4 t We measured NF concentrations in plasma by using a GLDH-based assay in which akethglutarate and N1144 are converted to glutamate (Boehringer Ammonia Kit, cat. no. 125857). than Na ions in activating the rabbit-muscle PK, sothat it can be readily used for K assay in plant tissues (2) . This assay is unsuitable for determinations in serum, however, because a sample containing 140 mmol of Na per liter will yield the same reaction rate as one containing 3.5 mmol of per liter. Because Na concentrations in serum usually vary by lessthan ±30 mmo/L, we calculated that we needed to improve selectivity to approximately 600:1 to ensure that such variations in Na concentration generated errors in measured K concentrationof no more than ±0.05 mmolJL.
Methods
We usedthe following
We achieved this as follows:
By replacing PK from rabbit muscle with PK from Bacillus stearothermophilus, for which Mn2 rather than Mg2#{247} is the most effective activating divalent cation,2 we improved the selectivity of the assay to 70:1. We further increased selectivity to -100:1 by adding 20 mmol of Li per liter to the reaction mixture, the Li apparently acting as a competitive inhibitor for Na in the assay system. We also included 6 juno! of Kryptoflx 221 per 10 jiL of sample to preferentially bind Na rather than K, thereby achieving an overall selectivity of -600:1 (Figure 1) . day and 396 j.i.mol/L after four days. We also investigated the possibility of higher NH, concentrations in 23 specimens from renal-disease patients that had been stored five to seven days at 4#{176}C and found a mean NH concentration of 159 pmol/L (range 67-323 jimolIL). Much higher NH concentrations, up to 2 mmolL, were found in some qualitycontrol sera. Accordingly, we incorporated an NH.4-removing system in our reagent mixture. Under the assay conditions described, we found no interference from NH4 concentrations up to 2.5 mmol/L.
Removal
Precision. Table 2 summarizes within-run and betweenrun precision. Within-run CVs, measured on two separate occasions, ranged from 1.22% to 1.40% for the low control and 1.31% to 1.35% for the high control. Between-run CVs, measured over 20 days, were 1.52% for the low control and 1.45% for the high control.
Correlation. We assayed 250 patients' specimens, in duplicate, during 10 days, using both the enzymatic method (y) and flame photometry (x). Duplicate results, obtained in separate analytical runs, were used to confirm the reliability of individual results and provide a measure of betweenrun precision using patient specimens. The following correlation (Figure 2 
Calibration.
We took account of the Na concentration of serum by including 140 mmol of Na per liter in all K standards. Although we used multiple standards for calibrating the assay to confinn linearity over the range 1.0 to 8.0 mmol/L, subsequent work has shown that a two-point calibration with aqueous standards is adequate.
Reaction kinetics. After the start reagent containing PK was added, no lag phase was evident, and the reaction rate was linear over the 2-mn measuring interval.
Interference.
Less than 0.1 mmolJL interference resulted from the addition of the following substances to a serum pool:bilirubin, NBS Reference Serum (SRM 909). This serum was assayed on three separate occasions. The mean result by the enzymatic method was 3.64 mmol/L; the labeled value was 3.52 mmol/L.
Sensitivity.
The addition of PK to the start reagent was adjusted to give a reaction rate of 0.050 AA/min per mmol of K per liter. Under these conditions, the reagent blank rate was approximately 0.020 AA/min. The maximal reaction rate was attained with an Mn2 concentration of 3 mmol/L.
Selectivity. The selectivity of the assay for K relative to Na for various reagent combinations is shown in Figure  1 . Use of muscle PK in the absence of Li and cryptand, as previously proposed for measuring K in plant tissues, yields K results in serum that are considerably influenced by variations in Na (graph A). We improved selectivity to approximately 600:1 by using the reagent defined in Table 1 (graph H). Whereas 6 juno! of Kryptofix 221 is required to achieve negligible Na interference with 10 pL of sample, complete omission of cryptand introduces a 0.1 nmiollL error in measured K concentration for each 10 mmol/L variation in Nat, if other assay conditions remain unaltered (graph D). If the Na concentration is known, K results can be adjusted on this basis as an alternative to the more specific assay described.
Reagent stability. Both the substrate reagent and start reagent were stable for 24 h at 4 #{176}C (<30% loss of NADH). The stability of both reagents can be extended to one week at 4 #{176}C by including the LD and Mn2 in the start reagent. This eliminates the oxidation of NADH in the main reagent due to a-ketoglutarate acting as a substrate for LD.
In conclusion: we consider that the reliability, precision, accuracy, and sensitivity of this method render it suitable for routine use on high-throughput biochemical analyzers or "stat" instruments.
In addition to the Cobas-Bio, we have successfully adapted this method to the Hitachi 717 random-access analyzer. Absence of interference from NH and spectralpigments (e.g., bilirubin) and reliable reaction rates (nO.05 M/min per mmol of K per liter3) provide potential advantages over a non-enzymatic method using ionophore-bound chromagens (1). Used in conjunction with a previously reported enzymatic procedure for determination of Na (4), the method should permit the assay of the major cations of serum by spectrophotometric means in a wide range of instruments.
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3Easily varied by adjustingthe volumeof PK start reagent.
